Although the association between single nucleotide polymorphisms (SNPs) of Serine/Threonine Kinase 39 (STK39) and hypertension has been reported, the prior studies have been inconsistent. The aim of this study is to evaluate the association between rs3754777 and rs6749447, the two SNPs of STK39, and hypertension and other cardiovascular risk factors in Koreans, residing in the Republic of Korea. Subjects and Methods: We included 238 hypertensive patients and 260 controls. The associations between genotype and haplotype combination and hypertension were examined. In addition, possible SNP-related differences in the adjusted blood pressure and other cardiovascular risk factors were analyzed. Results: There was no significant association between the two SNPs and hypertension. However, the carriers of AA genotype of rs3754777 showed lower blood glucose and cholesterol levels, particularly in females. Genotype of rs6749447 was associated with the waist circumference, triglyceride, and high density lipoprotein-cholesterol levels, only in gender-stratified analysis. The effects of haplotype combinations on risk factors were compatible with genotype effects of each SNP. Conclusion: Associations between the two SNPs of STK39, rs3754777 and rs6749447, and hypertension were not significant. However, the two SNPs showed genotype-related differences in blood glucose, lipids, and waist circumference, especially in women. Further studies are needed to clarify the effect of STK39 variants in these cardiovascular risk factors. (Korean Circ J 2013;43:13-22)
Introduction
The pathogenesis of essential hypertension is believed to be multifactorial and under the influence of multiple genetic and environmental factors. Genes associated with blood pressure (BP) are not sufficiently known as yet. A recent genome-wide association study examined single nucleotide polymorphisms (SNPs) in American Old Order Amish and identified SNPs in the Serine/Threonine Kinase 39 (STK39) that were associated with hypertension.
1) STK39 encodes a serine/threonine kinase known as a Ste20-related proline-rich kinase (SPAK), one of STE20 family. These kinases were shown to interact with WNK kinases and cation-chloride cotransporters, and it was suggested that their functional change may cause BP dysregulation. 1) SPAK also is related to cytoskeletal rearrangement, mitogen activated protein (MAP) kinases, and inflammation.
2) Associations between the above mentioned SNPs and different STK39 SNPs and BP were confirmed in other Caucasian and Chinese cohorts.
3)4) However, the influence of STK39 polymorphism on BP has been inconsistent, and the effects of the variants have not been found in other large studies. [5] [6] [7] Although a few studies have been conducted to replicate the results in the Asian population, the association between STK39 variants and hypertension is still unclear in Asians.
Here we examined the effect of rs3754777 and rs6749447, the two representative SNPs of STK39, on hypertension in a South Korean cohort of 238 hypertensives and 260 controls. The primary pur-pose was to evaluate the association between the two SNPs and the risk of hypertension in females and males. In addition, we investigated the effects of the SNPs on other cardiovascular risk factors. In the present study, we found no significant association between the studied SNPs and hypertension. However, the two SNPs showed genotype-related differences in blood cholesterol, glucose levels, and waist circumference, especially in women. Our study is the first to systemically analyze the association between STK39 variants and multiple cardiovascular risk factors.
Subjects and Methods

Study population
We included 238 consecutive hypertensive patients along with age-and sex-matched 260 healthy controls. Patients were drawn from the Cardiovascular Genome Center registry, Yonsei University Health System. All consecutive patients who visited Severance Cardiovascular Hospital, Seoul, Korea were prospectively screened for hypertension. We recruited patients who had systolic BP greater than 135 mm Hg and/or diastolic BP greater than 85 mm Hg, before taking antihypertensive medications, during the three different. Patients who had already taken antihypertensive medications were also enrolled. Hypertensive patients who were diagnosed at 30-60 years of age were eligible for enrollment. The control subjects were recruited during the health check-up at the Health Promotion Center, Yonsei University Health System, Seoul, Korea. They were matched for sex and age (±5 years) and selected from subjects without history of hypertension. Control subjects had to have systolic BP <135 mm Hg and diastolic BP <85 mm Hg, without BP-lowering agents. Criteria for exclusion included structural heart disease, coronary artery disease, secondary hypertension, diabetes mellitus, or serum creatinine >1.4 mg/dL. The purpose of the study was thoroughly explained to all subjects, and the informed consent was obtained. The local institutional review board approved this study.
Clinical data collection and blood sample analysis
On the day of enrollment, clinical data including demographic variables, medical history, and antihypertensive medications were recorded. BP was measured by trained nurses at the right brachial artery, using a mercury sphygmomanometer. Subjects had 10 minutes of rest in the supine position before the measurements, and the average of at least three measurements were used in the study. To adjust for the drug effects, 8/4, 14/10, and 20/16 mm Hg were added to the measured systolic BP/diastolic BP of patients taking one, two, or three antihypertensive drugs, respectively.
3) Venous blood samples were collected after an overnight fast, and samples were analyzed within 4 hours of collection. All analyses were conducted by a local laboratory, certified by the Korean Society of Laboratory Medicine.
Genotyping
Genomic deoxyribonucleic acid (DNA) was extracted from 5 mL of peripheral venous blood using a commercially available isolation kit (QuickGene SP Kit DNA Whole blood, Fujifilm, Tokyo, Japan). Based on prior reports 1) on variants in STK39, two relevant polymorphisms, rs3754777 and rs6749447, were selected for analysis. Genotyping was performed using the TaqMan fluorogenic 5' nuclease assay (ABI, Foster City, CA, USA).
Statistical analysis
Group differences in the categorical variables, genotypes, and haplotypes were assessed by chi-square test, and continuous variables were examined by Student's t-test. The association between genotype and hypertension was evaluated using the odds ratios, 95% confidence intervals of the chi-square test, and logistic regression analysis. Possible genotype-related differences in BP and other cardiovascular risk factors were analyzed by Kruskal-Wallis test. Results are expressed as mean±SD or median (interquartile range) and 2-tailed value of p<0.05 was considered statistically significant. All data were analyzed using Statistical Package for the Social Sciences (SPSS) 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics and allele frequencies of the study population
The characteristics of the study population are presented in Table  1 . The average age was 50 years, and the ratio of female subjects was 50%. Individuals with hypertension were more likely to have clinical features of metabolic syndrome: higher waist circumference, BP, blood glucose, triglyceride, and lower high density lipoproteincholesterol (HDL-C) levels. Two and fifteen subjects were taking glucose lowering and lipid lowering agents, respectively.
Minor allele frequencies were 0.206 and 0.319 for rs3754777 and rs6749447, respectively. The genotype and haplotype distributions of STK39 polymorphisms were not different between normotensive controls and hypertensive patients ( Table 2) .
Relationship between studied variants and hypertension
The relationship between hypertension risk and genotypes or haplotypes of STK39 in females and males are presented in Table 3 . No association between genotypes and hypertension risk in any group reached statistical significance. The association in a subgroup of young subjects (<50 years old) was also significant (Supplementary Table 1 ). Likewise, the risks of hypertension were not different between the haplotype combinations, although A-C/A-C haplotype sh-owed a tendency to have hypertension in the female subgroup.
Relationship between studied variants, blood pressure, and cardiovascular risk factors
Mean±SD or median (interquartile range) and Kruskal-Wallis analysis p for cardiovascular risk factors for all genotypes are listed in Table 4 . Adjusted systolic and diastolic BP were similar between all genotypes in both rs3754777 and rs6749447 variants. However, rs 3754777 showed significant genotype-related differences for glucose and total cholesterol. Subjects with AA genotype had lower glucose and cholesterol levels. In analyses stratified by the gender, this difference was statistically significant only in females. In analyses of subgroups not taking glucose or lipid lowering agents, the associations showed only minimal changes (p were 0.055 and 0.03 with regard to glucose and total cholesterol, respectively) (Supplementary Table 2 ). Low density lipoprotein-cholesterol (LDL-C) was lower in females with AA genotype of rs3754777. The genotype of rs6749447 was not related to specific risk factors. However, in gender-stratified analyses, AA genotype of rs6749447 showed lower waist circumference compared to other genotypes in females. In males, AA genotype revealed higher triglyceride and lower HDL-C levels. Association between STK39 rs3754777A-rs6759557C haplotype combinations and cardiovascular risk factors are largely compatible with those between the genotypes and risk factors (Supplementary Table 3 ). For instance, haplotype combination A-C was associated with lower glucose and total cholesterol values. Other gender-strati- Values are median (interquartile range) or n (%). BP: blood pressure, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, hs-CRP: high sensitivity C-reactive protein 
Discussion
In the current study, we found no association between two SNPs, rs3754777 and rs6749447, located within STK39 and hypertension in a cohort of 498 Koreans. Although there was no implication of these SNPs on adjusted BPs, they were associated with other cardiovascular risk factors. The carriers of AA genotype of rs3754777 had lower blood glucose and cholesterol levels. This relationship was more obvious in females. Although genotype of rs6749447 was not related to specific risk factors, it was associated with waist circumference, triglyceride, and HDL-C levels in gender stratified analysis. Association between haplotype combination of studied SNPs and risk factors were compatible with genotype-risk factor relationship of each SNP.
Polymorphisms of STK39 were reported to be associated with BP first in Caucasian samples. 1) In the meta-analysis combining four studies, Wang et al. 1) showed the effects of SNPs of rs6749447 and rs3754777 on BP. Another SNP of STK39, rs35929607, was also related to the hypertension prevalence in women of two cohorts in Swedes. 3) In the Chinese population, two SNPs of STK39, rs6433027
and 3754777, were found to be associated with hypertension.
4)
In the results of this study, the associations between STK39 SNPs and hypertension or BP were not significant. Although the reason for the discrepancy is not clear, several possibilities may be suggested. First, all the samples were of Koreans residing in the Republic of Korea, and the STK39-BP relationship may be weaker in this population. The influence of STK39 polymorphism on BP has not been consistently confirmed. In the two large GWAS, using more than 60000 people, the effects of STK39 SNPs on BP were not found.
5)6)
In addition, in one British 7) and one Chinese 8) study, variants of STK39 were not associated with BP. Recently, Rhee et al. 9) reported four previously reported SNPs associated with salt-sensitivity in 101 Koreans. However, in that study, no polymorphism of STK39 showed significant effects after adjusting for confounding factors. Second, although STK39 gene encodes for a protein that plays a role in BP regulation, its final effects may be too small to be detected consistently in every study cohort. Third, as the population size of this study is not sufficiently large, it cannot be completely ruled out that some variants with impacts may not have obtained statistical significance.
We found significant associations between STK39 variants and cardiovascular risk factors other than BP. They include glucose, total cholesterol, and LDL-C in rs3754777; and waist circumference, triglyceride, and HDL-C in rs6749447. Four of the factors belong to the characteristics of metabolic syndrome. The minor allele carriers of rs3754777 had the tendencies to have lower levels of risk factors. Those of rs6749447 showed contradictory results on waist circumference and triglyceride and HDL-C. Thus, it is difficult to tell what clinical association the genotype of the latter STK39 SNP may finally have. However, to our knowledge, this study is the first to demonstrate the association between STK39 variants and the above factors. In a prior study by Wang et al., 1) it was mentioned that STK39 SNPs were modestly associated with blood glucose level, insulin response to glucose, and triglyceride level in a subset of Amish population. In addition, two other STK39 SNPs were reported to be linked to multiple phenotypes of metabolic syndrome. 10) In the present study, we have shown the relationship between STK39 SNPs and cardiovascular risk factors more systemically. It has been known that STK39 was located in an area in which BP, obesity, and diabetes-related rodent quantitative trait loci have been mapped. Furthermore, STK39/SPAK is able to activate the p38 MAP kinase pathway, providing evidence that it can act as a stress-mediated signals.
11)12) It has
been recently demonstrated that p38 MAP kinase plays a role in glucose 13) and lipoprotein metabolism, 14) and this may support the biological mechanism of the current data. Although investigating the functional mechanism of STK39 is beyond the scope of this study, further projects focusing on this issue may unveil the role of this gene on multiple cardiovascular risk factors. In this study, the influence of STK39 variants on the risk factors The present study has several limitations. Although rs3754777 and rs6749447 were the first variants known to be hypertension susceptible in STK39 gene, other SNPs have been reported to have effects thereafter. Inclusion of more STK39 variants in the study may have been helpful to understand the role of STK39 in this Asian population more completely. As mentioned above, the study population was not sufficiently large, and some important analyses did not obtain statistical significance. However, it was strength of the study to systemically analyze and present the association between STK39 variants and multiple cardiovascular risk factors.
In conclusion, the associations between two SNPs of STK39, rs3754777 and rs6749447, and hypertension were not significant in this Korean cohort. However, we identified that AA genotype of rs3754777 had lower glucose and cholesterol levels, especially in females. Genotype of rs6749447 was associated with waist circumference, triglyceride, and HDL-C levels in gender stratified analysis only. The genotype of rs6759447 was related to blood glucose levels. Further studies are needed to clarify the effect of STK39 variants in these cardiovascular risk factors. 
